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© A method of reading data from an optical disk comprises providing means for illuminating the required part 
of the disk and acquiring the optical image of a plurality of tracks, providing a detector matrix comprising a 
plurality of detectors, each of the said detectors being capable of producing an output signal which is 
proportional to the intensity of the light detected by it causing an optical image corresponding to an illuminated 
area to fall on the said detector matrix, transferring the output signal of the said detector matrix to image 
processing means, determining position coordinates of the track center for each data track, by analyzing the 
output signal of the said detector matrix, saving in memory means expected track center data, comprising 
position coordinates of the track center located by the said analysis of the output signal, and if an actually 
detected track center is shifted with respect to the said expected track center, electronically moving the track 
center position. 

Furthermore, the invention comprises an apparatus for the embodiment of the above mentioned method. 
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Field of the Invention 

The present invention relates to optical disks. More particularly, the invention relates to a method and 
apparatus for reading large amounts of data al a high rate Irom optical disks. 

5 

Background of the Invention 

Optical disks are becoming the base for computerized archives and data bases because of their huge 
capacity. When they are organized in a jukebox which contains tens of disks and numerous disk drivers, 

10 they can form very large archives. 

The main disadvantage of these disks and disk system is the serial mode in which the data is read from 
them. Coupled with slow access time this mode limits the search performance and the rate at which the 
data is transferred to the computing system. An optical disk contoms an index of the data. By using the 
index, the access time to a piece of data is shorter than if the data has to bo searched for serially. However, 

75 for the more demanding applications, where the same data is soar cried tor in varying contexts or by varying 
criteria, the index is of no help and searching through all the disk is required. Such a search can take a very 
long time if done serially. Even worse, when the search is done on a jukebox which contains a few drivers 
and tens of disks to be searched, the search time becomes extremely long The rate of transfer from the 
data to the disk to the system is much slower than the processing rate of a common CPU unit. Hence, 

20 much of the CPU time is wasted in waiting for data being fetched from the disk 

Optical disks of various kinds are based on concentric circular or spiral tracks on which the data is 
written in the form of spots of changes of some optical property of the disk media. These changes are 
typically spots of higher reflection than the non data-containing parts of the disk. These data spots lie along 
a spiral or circular path on the disk. The disk is divided into sectors, and each loop of this spiral path that 

25 lies within a sector is called a track. The data is read from the optical disk by an electro-optical head which 
projects a narrow light spot on the rotating disk, reads the reflected light from the disk and transduces it into 
an electrical signal. At any point in time the head reads one spot of data. By rotating the disk below the 
head, a track is read spot by spot. To read data from outer or inner tracks, the head is moved to the 
desired track by a motor. In advanced split head design the moving head is composed of a lens, a focusing 

30 coil motor, a fine tracking motor and mirrors. This combination of rotating disk with a radially moving head 
enables to access any data spot on the disk. The reading of the data spots is done serially along a track or 
along the whole spiral path. Commercially available optical disks have internal data transfer rates of about 
15 Mbit/sec, which translates to an output rate of 1.25 Mbyte/sec. Searching through a whole disk may tbua 
take more than ten minutes. I 

35 Optical heads can read several tracks simultaneously when combining a lens with a wide field of view 
and a matrix of light detectors that cover this field. Processing the signal from each of these detector! 
separately, in parallel, multiplies the data throughout proportionately to the number of detectors. Such a 
matrix of detectors is described, e.g., in US 5,111,445. However, implementing parallel reading of an optical 
disk by a detector matrix requires first solving some severe problems. 

40 The first problem is that of sampling the data spots that lie on a polar coordinate system by a matrix of 
detectors set in a rectangular coordinate system. As a result of such sampling, data spots may be sampled 
not in track order, which may result in the scrambling of the data structure. 

Another problem is that unlike the electro-optical head according to the known art, which has a servo 
system to center the head over the track, centering a line-scan matrix over many curved tracks is very 

45 difficult. Without centering the detectors on the tracks, radial movement of the disk may shift the data spots 
between neighboring detectors and thus, again, scramble the data structure. All of this has to be done at 
the very fast speed of the data spots (i.e., 15 Mbit/sec). 

Yet another problem is that a detector matrix cannot economically cover all the tens of thousands of 
tracks, so that some means for fast moving to different group of tracks is needed. After each of such 

so movement the detector matrix have to be aligned to the right tracks. 

Generally speaking, reading data from an optical disk requires high precision. Ordinarily, such a reading 
is carried out using coherent light, even if writing of the data has been effected with non-coherent light, e.g., 
as in US 3,805,275 or US 4,135,251. In some instances non-coherent light has been used in illuminating 
data in the form of the amplitude-modulation of the relief height of a pattern of surface relief variation, such 

55 as in the microfiche-like system described in US 4,486,870. However, such systems cannot read multitrack 
information and require the use of precise and expensive servo mechanisms. 

It is therefore clear that it would be highly desirable to be able to overcome the aforesaid problems and 
to provide reading means capable of transferring to the system data from an optical disk at a high rate. 

3 
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It is an object of the present invention to provide such a method and apparatus which permit to read 
high amounts of data and to transfer data at high rate from the optical disk to the system. 

It is another object of the invention to provide a system for reading data from an optical disk which does 
not require mechanical adjustment to compensate for small disk drift in the radial position, and to eliminate 
5 the fine tracking coil in the moving part. 

It is a further object of the invention to provide a system for fast access to any data (track) on the disk 
or on multiple disks. 

It is still another object of the invention to provide a device by means of which a plurality of disks can 
be read by a single head. 

10 

SUMMARY OF THE INVENTION 

The present invention is directed to the use of a non-coherent optical system for carrying out fast data 
reading from an optical disk, without the use of a mechanical servo mechanism for small position 

75 corrections. While the invention comprises many different aspects, it should be understood that in each 
case the two aforementioned characteristics are maintained, viz., a non-coherent system is used and no 
mechanical servo mechanism is provided for correcting local drift. It should be understood that the ability of 
fast addressing the data on the optical disk, with high precision, is related to the fact that an electronic 
servo mechanism is employed, and is made possible by the use of a non-coherent system in a manner 

20 never devised before in the art. 

The reading device for an optical data disk, according to the present invention, comprises an optical 
apparatus for fast addressing tracks on the disk, optical apparatus for imaging the tracks on detector matrix 
comprising a plurality of detectors arranged in parallel lines, the said detector matrix being coupled to a 
plurality of shift registers, whereby electric charge generated by light falling on each cell is transferred to 

25 the following cell and the shift register receives the combined charge from the last cell in the line. One such 
device is the so-called TDI sensor, described, e.g. in D.F. Barbe, "Time delay and integration image 
sensors". Solid State Imaging. P.G. Jespers et al. Nordhoff. The Netherlands, pp. 659-671(1976). 

The device according to the invention further comprises image processing means to receive the image 
generated by the detector matrix and to translate said image into data contained in data spots located on 

30 the disk. 

The invention is further directed to a method of accessing and reading data from an optical disk, which 
method comprises the steps of: 

1) providing means for illuminating the required part of the disk and acquiring the optical image of a 
plurality of tracks; 

35 2) providing a detector matrix comprising a plurality of detectors, each of the said detectors being 
capable of producing an output signal which is proportional to the intensity of the light detected by it; 

3) causing an optical image corresponding to an illuminated area to fall on the said detector matrix; 

4) transferring the output signal of the said detector matrix to image processing means; 

5) determining position coordinates of the track center for each data track, by analyzing the output signal 
40 of the said detector matrix; 

6) saving in memory means expected track center data, comprising position coordinates of the track 
center located by the said analysis of the output signal; and 

7) if an actually detected track center is shifted with respect to the said expected track center, 
electronically moving the track center position. 

45 The invention is also directed to an apparatus for the embodiment of the mentioned method. 

According to one embodiment of the invention, at the beginning of the operation a so-called "locking" 
operation is carried out, to determine the track center, and the coordinates of the track center initially found 
are used as the first value for the expected track center. Additionally, in another preferred embodiment of 
the invention a number of track center values consecutively determined are considered, to permit statistical 
50 evaluation of drift and other system parameters. 

As will be apparent to a person skilled in the art, the ability to move to the centers of the data tracks 
electronically, by redefining the position of said tracks without the need for mechanical adjustment, enables 
the compensation for small drift in the disk movement. This compensation is critical for reading many tracks 
simultaneously. This ability to compensate quickly for such drift is one important feature of the invention, 
55 which permits to process large amounts of data at high rates. 

As will be appreciated by the skilled person, coherent systems require that the phase of the 
electromagnetic wave be taken into account, while non-coherent systems only accumulate the level of the 
signal generated by the light they detect. It has been found, and this is an aspect of the invention, that the 
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use of non-coherent systems permits to avoid many drawbacks found in prior art systems utilizing coherent 
light and imaging systems. For instance, edges are sharp in coherent systems and lead to overshoot and 
undershoot effects in the detected signal, which do not exist in non-coherent systems. Furthermore, 
because coherent systems are phase-dependent, every factor which influences the phase, such as changes 

5 in height or slope of the optical surface, affect the data read from the disk. Thus, for instance, prior art 
parallel read systems are very sensitive to dust and dirt. The system of the invention, on the other hand, is 
much less sensitive to irregularities of the optical medium and is therefore much less disturbed by dust and 
dirt. Thus, in another aspect, the invention is directed to a method which permits to reduce the adverse 
effect of irregularities on the surface of the optical media and thus to increase the accuracy of readings 

10 therefrom. 

As will further be apparent, the ability to scan the disk without moving the optical head, but only 
lightweight optics, is also another important feature. Another important feature is the ability to access data 
tracks electronically, within close proximity. Still another advantage of the invention relates to the easy 
access to a plurality of disks. 
75 All the above and other characteristics and advantages of the invention will be better understood 
through the following illustrative and non-limitative description of preferred embodiments thereof. 

Brief Description of the Drawings 

20 Fig. 1 schematically shows the main modules of the preferred embodiment of the invention; 
Fig. 2 schematically shows the main modules of another embodiment of the invention; 
Fig. 3 illustrates a multi-driver configuration of the system, according to a preferred embodiment of the 
invention; 

Fig. 4 illustrates the scanning operation of the step and focus unit; 
25 Fig. 5 illustrates the focusing operation of the step and focus unit; 
Fig. 6 illustrates a TDI detector matrix; 
Fig. 7 illustrates the reading of a number of tracks; 

Fig. 8 is a schematic representation of a signal processing unit according to one embodiment of the 
invention; 

30 Fig. 9 illustrates the edge detection operator; 

Figs. 10 and 11 give the respective input and output to the PPD algorithm and exemplify its operation. 
Fig. 12 illustrates the peak detection operator; 
Fig. 13 illustrates the peak detection process; and 
Figs. 14-15 relate to the examples. 

35 

Detailed Description of the invention 

In Fig. 1, the preferred embodiment of the system for disk searching and reading is described. An 
optical disk 2 to be scanned by the system is placed in optical disk driver 4 which rotates the disk. Above 

40 . disk 2 there is relay optics unit 6 that images the disk to intermediate image above it. The relay optics has 
a long optical path which creates enough space for optical elements such as the step and focus unit 8 or 
folding mirrors for multi disk configuration. The data is acquired by one or more reading heads 12, each one 
comprises of microscope 10, light source 16, detector matrix 14, focus sensor 18, and step and focus unit 
8. These units are to be described below. The disk is illuminated by a light beam that is emitted from light 

45 unit 16, focused by microscope 10 and relayed by relay optics 6 to generate a uniform area of non- 
coherent illumination on disk 2. The light unit 16 is composed of a laser diode or a laser diode array, a fiber 
optics (both not shown), and a projection lens which projects the light onto the back focal plane of the 
objective lens such that the full aperture of the objective is illuminated. Thus the disk is illuminated with the 
full numerical aperture of the objective. This provides for a non-coherent system. This systems is 

so particularly convenient, as will be apparent to the skilled person, when used in conjunction with a TDL The 
light reflected from the disk is relayed by relay optics 6 to form intermediate image of the disk inside the 
step and focus unit 8. This image is re-imaged by microscope 10 on detector matrix 14. The step and focus 
unit 8 step through intermediate image such that the required tracks of disk 2 are imaged by microscope 10 
on detector matrix 14. The only moving parts are lightweight mirrors in the step and focus unit 8 which can 

55 be moved very fast, while all other optical and electrical components are fixed. The electrical signal that is 
generated by detector matrix 14 is processed by signal processing module 20. This module detects the 
presence and location of the sets of data spots. Data spots information is sent to storage module 22 and 
alter structuring, the data is sent to a, computer system (not shown). The data spot location signal is sent to 

5 
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controller 24. The controller sums up the changes in data spot location on the tracks and sends correction 
signals to signal processor 20 and to step and focus unit 8. Controller 24 sends also synchronization signals 
to detector matrix 14, to signal processor 20, and to storage module 22. 

Auto focus sensor 18 sense the focusing state of enteroscope 10 and send correcting signals to step 
5 and focus module 8. 

Referring to Fig. 1, a more detailed description of optical modules is brought. The preferred embodi- 
ment of the relay optics is of two spherical mirrors arranged in Offner telecentric type ["Offner 1 :1 system: 
some further uses", M.V.R.K. Murtz, Optical Engineering. Vol. 24, No. 2, pp. 326-328 (April, 1985), Offener, 
USP 3,748,015]. The light from the disk is folded by mirror 102 toward spherical mirror 104. The light is 

w reflected from mirror 104 toward the second spherical mirror 106 that reflects the light back to mirror 104. 
The reflected light from mirror 104 is folded by mirror 108 toward stop and focus unit 8. This relay optics 
images the whole cross-section of the disk by 1X magnification The illuminated area is imaged on an 
annular ring field as described in USP 3,748,015. The step and focus (to be described below) folds the light 
toward the microscope 10. Microscope 10 consists of objective Ions 118. beam splitter 120, and tube lens 

75 122. In the preferred embodiment the objective lens is, for example, of X25 magnification (together with the 
tube lens) and the beam splitter is of 50:50 ratio. By replacing the 50 50 beam splitter 120 with a polarizing 
beam splitter and inserting a X/4 plate between the beam splitter and the objective lens, and by replacing 
mirror 128 with a polarizing mirror, the system becomes sensitive to polarization, which is an important 
factor for some types of optical disks. 

20 The light from light source 124 is focused by lens 126 in the back focal plane of objective lens 118, to 

form a Kohler illuminating system. Mirror 128 folds the light toward beam splitter 120 so that it folds it 
toward objective lens 118. The light is folded by mirrors 110,1 14.1 15 in the step and focus unit 8 and 
relayed by relay optics 6 toward disk 2 in order to generate uniform areas of light on it. In Fig. 2, another 
embodiment of the invention is described. In this embodiment, which will be referred to hereinafter as a 

25 "light split head", for the sake of brevity, the relay optics is left out and the objective lens 118 is set directly 
above the optical disk. The focusing of the microscope is done by voice coil 116. which moves objective 
lens 118 towards the disk according to the focusing signal from focusing sensor 18. The objective lens 118. 
its voice coil 116 and mirror 114 are moved directly by a motor to image the required tracks of the disk by 
microscope 10. The step and focus unit 8 is used to compensate for the varying distances of the moving 

30 parts 117 from the static parts of the reading head. This embodiment is simpler but still faster than a 
conventional split head, since the fine tracking coil is eliminated due to the use of electronic tracking, 
thereby significantly reducing the weight of the moving parts. In this configuration a plurality of disks can 
also be provided, each having its own drive or mounted on a single spindle where each disk has its own 
moving part 117, and a step and focus unit 8 is used to compensate for the varying distances of the disks 

35 from the single reading head. 

In Fig. 3, another embodiment of a system that enables the multi-disk configuration is illustrated. In 
relay optics unit 6 there are several folding mirrors (168,169,170). Each of the mirrors can be rotated by a 
motor (not shown) such that it is in folding position (i.e. fold the beam) or in unfolding position (i.e. outside 
the beam). The first mirror, 168, folds the beam toward disk 164 laying on driver 166 that has the longest 

40 distance from mirror 168. The last mirror, 170, folds the beam toward the last disk, 160, laying over driver 
162 that has the shortest distance from mirror 170. Between folding mirrors 168 and 170 there are several 
such mirrors 169 so it can be set so each of them folds the beam toward a disk and drivers laying between 
drivers 166 and 162. The driver and disk are positioned such that the optical path between mirror 106 and 
the disks is equal for all the disks in the system. This configuration enables fast switching between multiple 

45 disks. 

Referring now to Fig. 4, the stepping operation of step and focus unit 8 is described. Light ray 132 from 
a track on disk 2 is folded by mirrors 134, 136 and 138 such that it exits at line 144 on the optical axis of 
the microscope. In order for the microscope to see light rays from another distance (i.e. out of the field of 
view of the microscope), mirror 134 moves the required distances to position 140. This movement changes 

so the optical path length of the beam folded by mirror 136 toward line 144. Therefore, mirror 136 is moved 
half the movement of mirror 134 to position 142. In that position the optical path length of ray 140 to line 
144 is equal to path length of ray 132 to line 144 so the microscope "sees" the same distance. Mirrors 136 
and 134 are moved by a motor that is controlled by system controller 24. By moving only lightweight 
mirrors a very fast scanning is made possible. 

55 Referring now to Fig. 5, the focusing operation of step and focus unit 8 is described. Light beam 146 

from disk 2 is folded by mirror 156 and focused in position 154. This focused beam is folded by mirrors 
148 and 158 toward the microscope. If position 158 is out of focus for the microscope, mirror 148 is moved 
to position 150 so that beam 146 is focused at point 152 which is the focus position for the microscope. 

6 
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Mirror 148 is moved by a motor that is controlled by the focusing sensor (18 in Fig. 1) of the reading head. 

The structure of the detector matrix 14, the organization of the signal processing unit 20, the storage 
module 22 and the controller unit 24 are designed to solve the problems described above in parallel reading 
of data in an optical disk by a rectangular matrix of detectors. Also, they are designed to detect and register 

5 the data spots on their data track at the fast rate at which the data spots are passing by the detectors. The 
detector matrix is of the CCD type, and is organized in a TDI (Time Delay and Integration) structure. 

Referring now to Fig. 6, the TDI detector matrix is described. The TDI detector matrix 14 includes a 
plurality of parallel lines 34 through n, each of which contains a large number of detectors. The electrical 
charge generated by the light falling on each detector in the lines 34 can be transferred to the neighboring 

to detector of the adjacent line of detectors, and be summed with the charge of the neighboring detector 36. 
The transfer of charge from one line of detectors is synchronized with the movement of the data spot along 
the detectors columns 38. The speed of transfer of the charges is therefore equal to the tangaitial velocity 
of the disk. Tho charges generated by a moving data spot on the detectors that lie on one of the columns 
38 are summed by this transfer to give a stronger signal at the last line, n. The charge from the last row n is 

ts transferred to a readout shift registers 44. Each shift register 44 is connected to a segment of the last row of 
detectors, n, and the charge from the detectors of the segment is transferred thereto. The charge from each 
cell of the shift register is read out serially. The readout data rate from the shift registers 44 limits the 
transfer rate of charges from row to row. Therefore, the number of detectors connected to each shift register 
should fit the required readout rate and the detector transfer rate. For example, for a disk with a data rate of 

20 15 Mspot/sec. and a CCD detector with an output transfer rate of 60 Mhz, each shift register is connected to 
four detectors. 

Fig. 7 illustrates the relation between the illuminated area on the disk and the image on the detector 
matrix 14. The magnified image 53 of the illuminated area 54 on the disk 2 lies over the detectors 58 of the 
detector matrix 14 so that the images of the data spots 52 on tracks 56 of the rotating disk 2 are crossing 

25 the last row of detectors perpendicularly. Due to diffraction, the diameter of the image spot is approximately 
equal to the width of the track. 

At any moment in time, each image of data spot 52 lies over a square that contains nXm detectors. 
This nXm sampling of a data spot enables to localize a data spot on the right track when the disk has a 
small radial movement. It also enables to detect the presence of two succeeding data spots that are barely 

30 resolved, in inner tracks of the disk. The number of detectors along a column 60 is limited by the curvature 
of the tracks 56 on the disk. The shift in the horizontal position of a track between the first row and the last 
row is less than a tenth of the size of a detector, for an inner track (at a radius of 3 cm). 

The difference between the tangential velocity of a data spot on the first and the last row is negligible. 
Because of the radial movement of the disk, the tracks can be shifted with large amplitude. In order not 

35 to loose the shifted tracks, the rows of detectors have to be long enough to "see" the shifted tracks as well. 
For global shift of amplitude w and for track width d, additional 2»w/ (d/m) detectors should be provided in 
the detector matrix 14. Alternatively, only small and fast shifts are compensated for electronically, and large 
slow shifts are mechanically compensated. 

When the transfer rate of rows is about 15 Mrows/sec and the required data rate is then 320 Mbit/sec. 

40 Hence, 320/ (15/3) = 64 spots must be read in parallel. A track is sampled by 3 pixels. Therefore, the 
number of detectors in each row should be at least 64x3 = 192. For a shift of tracks of global amplitude, ±30 
u, and for a track width of 1.5 u, there should be 120 additional detectors in a row. Thus, the total number 
of detectors will be 312. If each three detectors are connected to a shift register, the number of shift 
registers required will be at least 78. 

45 Fig. 8 schematically illustrates image processing module 20. The module receives signals from detector 
matrix unit 14. the data from each shift register 44 of detector matrix 14 is fed to input memory buffers 70. 
Input memory buffers 70 are connected to a set of track processors (TP) 72 that detect the presence of 
image spots. The input memory buffer can also serve as a multiplexing unit transferring only a section of 
the detector outputs into the processors. By switching electronically between different sections of the 

so matrix, a fast access to neighboring tracks is available. By processing spots, the processing rate is reduced 
by the number of detectors "covered" by a spot. Track detectors 72 align the spots on their right tracks. 
This alignment is done locally for small radial movement of the disk. More global alignment is done by 
system controller 24. 

The TPs are connected via a multiplexer unit 73 (Fig. 8) to a set of error detection and correction (EDC) 
55 units 74. The EDC units are designed to extract and correct the data and store the segment data until it is 
ready for output. The output data is stored segment by segment in output frame buffer 75, where they are 
grouped to 8 bit byte. 
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Referring again to Fig. 8, the data rates and unit configurations according to a preferred embodiment of 
the invention are now explained. Referring to a system designed for a throughput of 20 Mbyte/sec. at output 
buffer 75, the EDC units 74 need to work at the rate of about 320 Mbit/sec. if a factor of at least 2 in 
detection/correction and header data, and 8 bits per byte are assumed. This requires about nine such units 

5 if each unit can process data at 20 Mhz. In turn, TP units 72 now need to process about 9 pixels for each 
output bit. This means that the system effective rate in pixel processing is 2880 Mpixels/sec. Such a rate is 
possible if 64 such units are used. The units are timed so that the interaction between TP 72, EDC 74 and 
the output buffer is synchronized. 

The operation of track processor 72 is now described with reference to Figs. 7 and 8. In Fig. 7, for 

70 example, the structure of tracks and sectors of the disk are illustrated. Before each sector 53, there is a 
sector header consisting of tracking spots 64 (usually 2 spots) laying on the edges of the tracks, and timing 
spots 68 (1 or 2) lay at the center of the tracks. These sector headers are pre-written accurately on the disk. 
Referring back to Fig. 8, the way that TP 72 uses this structure of the disk is described. Track processor 72 
works in three modes: 1) detecting; 2) tracking and 3) locking. 

15 In the detection mode, a spot 52 or a string of spots are identified by means of edge detection. In the 

preferred embodiment of the invention, the operator used for the edge detection is the difference of two 
Gaussians (DOG), which approximates very closely the second derivative of a Gaussian distribution 
function, G" (x): 

- (X72G 2 ) 

G"(x>= a-_x*)- e 

2c* 

25 

Referring now to Fig. 9, the DOG operator 300 is shown. The Gaussian component of the said operator 
removes some of the high frequency noise from the image, without diminishing the accuracy of the edge 
detector. The edge detection method is used in the context of the invention, and as such also forms a part 
30 of the invention. 

The said operator is applied to the image via a convolution operation: 

P(x) = I(x) <2> G"(x) 

35 

where l(x) is the image function and P(x) is the resulting convolved image 

The DOG operator 300 is one-dimensional, and in the preferred embodiment of the invention its size is 

of odd number, is referred to as the "kernel", and is comprised of center and the. right and left shoulders. 

The DOG operator 300 is applied to the data along the track. The convolution operation yields a convolved 
40 image comprising an array of positive, negative and zero values. The edges position is represented by the 

zero-crossing between adjacent positive and negative values. The location of the zero-crossing is calculated 

in sub-pixel accuracy, using interpolation. 

The accuracy of the edge detector is very high as long as only one edge is located within the scope of 

the said operator. The said operator is designed to compute the location of the edge which is currently 
45 nearest to the said operators center, which is the edge of interest. If other edges reside within the scope of 

the said operator, they bias the calculations designated to determine the position of the edge of interest. A 

special algorithm is applied to the raw data to dramatically reduce the influence of non-relevant edges 

residing within the scope of the DOG operator. This algorithm, the Pre-Processor for the DOG (PPD) 

operator 300, processes the raw data before the said operator is applied to it. 
so In a preferred embodiment of the invention, the PPD identifies the change in intensity, above a given 

threshold, which is nearest to the center of the kernel, and assumes it represents the edge of interest. The 

direction of the intensity of the edge of interest is then determined. All other changes in intensity (if such 

exist), above another given threshold, and in opposite direction to the edge of interest, are taken to be 

irrelevant edges. 

55 The algorithm inspects each shoulder sequentially, from the center out. Pixels that form an edge with 

the preceding pixel, and the direction of the edge intensity is opposite to the direction of the intensity of the 
edge of interest, are set to the value of the preceding pixel. If the direction of the intensity is the same as 
that of the edge of interest, no action is taken. If no irrelevant edges are detected, no action is taken. 

8 
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The following example Illustrates the actions taken by the PPD. Referring to Fig. 10, the center of the 
kernel is placed over pixel 322 and is left of the edge 308, which position is to be calculated. The kernel in 
this example is nine pixels wide. 

The PPD is searching the data on the right hand side of the kernel, sequentially. Edge 310, having an 

5 intensity gradient in the same direction as that of edge 308, is left as is. Edge 312, having an intensity 
gradient in the opposite direction than that of edge 308, is eliminated by setting pixel 326 to the .value of 
pixel 324! The same goes for pixel 323, which is also set to the value of pixel 324, eliminating edge 314. 
Looking now on the left side of the kernel, edge 306 is left as is, having an intensity gradient in the same 
direction as that of edge 308. Edge 318, having an intensity gradient in the opposite direction than that of 

10 edge 308, is eliminated by setting the value of pixel 334 to the value of pixel 332. Edge 320 is left as is, 
since it is in the same direction of edge 308, and the value of pixel 336 is higher than that of the new value 
of pixel 334 (= value of pixel 332). Referring to Fig. 11, the "cleaner" data segment, as submitted to the 
convolution operator, is illustrated. The values of pixels 326 and 328 are now leveled with the value of pixel 
324. Pixel 334 has now the same value as pixel 332. Edges 312,314 and 318 have been eliminated. 

15 Another embodiment of the PPD method includes a varying size kernel where a short kernel is 
executed at highly dense areas and a long kernel is executed at sparse areas. 

Once the edges have been calculated, the distance between adjacent edges is computed and translated 
into "spot" units. This translation is dependent on the overlap ratio between spots and the radial distance of 
the given track from the rotational axis of the disk. 

20 Referring back to Fig. 8, the modes of the TP 72 are described. In the locking mode, the initial location 
of the center of the track is computed and set. TP 72 calculates the half-width distance between two of the 1 
nearest successive tracking spots 64 (in Fig. 7) of the sector header, and confirms this with the timing spot- . 
(s) 68 on the track center. 

In the preferred embodiment of the invention, the sampling resolution is three pixels across each track. 
25 In the tracking mode, the maximum (or minimum) value across the track (over 4 pixels) is computed in sub- 
pixel resolution. The location of the maximum is recorded. This process is referred to as the "peak 
detection". Any shift in the position of the maximum, relative to the current track center, is detected. The 
new track center is computed and the corresponding pixel nearest the center of the track is tagged as the 
central pixel of the track. For non-sampled tracks, where the tracking points do not exist, the locking is 
ao performed on the track data. 

In the detection mode, the edges of a spot or a string of spots are detected, along the track direction. 
The distance between adjacent edges is computed at the center of the track. The above distance is 
translated into "spot" units, taking into account the overlap between the spots and the radial distance of the 
given track from the rotational axis. In the same manner, the distance between adjacent strings of spots is 
35 computed. The length of the strings and the gaps between them are then used by the decoding schemes. 
The mechanism for detecting the peaks is further described below. 

The peak detection mechanism is quite similar to the edge detection mechanism, "peak location" 
meaning the location along a row of pixels across a track and between two track edges, where the 
maximum (or minimum) intensity value is located. 

40 Referring to Fig. 12, in the preferred embodiment of the invention, the operator used for the peak 
detection is the First Difference operator 400, which is a one-dimensional operator consisting of two values: 
+ 1 and -1. Convolving the operator with pixels across the track direction, yields a convolved image 
comprising an array of positive, negative and zero values. The zero-crossing between adjacent positive and 
negative values represent points of maxima and minima of the intensity levels. The gradient direction of the 

45 zero-crossing determines whether it is a minimum or a maximum. The exact position of each zero crossing 
is again computed in a sub-pixel accuracy, using interpolation. To reduce high-frequency noise it is possible 
to convolve the image with a one-dimensional Gaussian mask, across the tracks, before applying the First 
Difference operator. 

Applying the first difference operator across track direction directly on the input signals has the 
so disadvantage that neighboring pixels must be well calibrated. In order to alleviate this problem it is possible 
to apply first the difference operator in the track direction, whereby each pixel is subtracted from the same 
pixel in the detection matrix (but at a different time), and then to search for the maximum (or minimum) 
value between the gradients in the cross track direction. 

The following examples will further illustrate the invention, but are not intended to limit it in any way. 
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Example 1 

This example illustrates the reading of data representing a picture from an optical disk, according to the 
invention. A Roentgen picture contains 2000 x 2000 pixels. Every pixel contains 12 bits. Each picture, 
5 therefore, contains 48 Mbit = 6 Mbyte. 

Reading the picture from a conventional optical disk, having an addressing time of 70 msec, and a data 
reading rate of 1 .25 Mbyte/sec, requires a time of: 

[6 MByte/(1.25 MByte/sec)] + 0.07 sec = 4.87 sec. 

10 

Reading the picture from a system according to the invention, haying an addressing time of 15 msec, 
and a data reading rate of 20 Mbyte/sec, requires a time of: 

75 [6 MByte/(20 MByte/sec)] + 0.015 sec = 0.315. 

Therefore, the invention permits the reading of such a picture at a speed greater by one order of 
magnitude. 

20 Example 2 

Fig. 13 shows a digitized image function 440 of four pixels: 
Pixel 442 has a value of 230; 
Pixel 444 has a value of 190: 
25 Pixel 446 has a value of 160: 

Pixel 448 has a value of 230: and 

Applying the First Difference to this signal produces four new pixels with signed values and shifted in space 
by half a pixel: Pixel 452 represents the difference between pixels 442 and 444 and thus is located in space 
exactly between them. It has a value of 40. Similarly, Pixel 454 has a value of 30, Pixel 456 has a value of 
30 -70. 

The zero cross lies between pixels 454 and 456, viz., within Pixel 446. The exact location is 30/(30 + 70) 
= 0.3 pixel. 

Hence, the minimum is located at pixel 446, 0.3 pixel from its left boundary. 
35 Example 3 

Fig. 14 shows the simulation of a segment of the tracks. Fig. 15 gives an overview of Fig. 14. Table 1 is 
the conversion of this image into digitized values. First we determine which column of pixels in each track 
represents the track data center. 

40 Applying the First Difference operator 400 produces the array of values given in Table 2. The position 
of the zero-crossings are now computed, where values between two adjacent columns are changing from 
negative to positive. A 1:3 linear interpolation is used in this example, resulting in the array shown in Table 
3. A value of 1 in the said table represents the center of the data in its track. In this example, columns 5,8 
and 10 were selected. Once the center of each track was determined, the data itself was identified. The 

45 DOG operator 300 was applied to the same data given in Table 1, with a kernel width of five. The array of 
values given by Table 4 is produced. Now, zero-crossings are searched for along each center track, as 
determined in the tracking mode (columns 5, 8 and 10). Again, a 3:1 linear interpolation is applied to 
determine the edge location, resulting in the array shown in Table 5. 

In the smallest spot segments (2 spot strings) and error of 0.232 um is noted in the computation. 

so The PPD algorithm is now applied to the new data in Table 1, and the DOG operator is applied. The 
results are shown in Table 6. Applying the 1:3 linear interpolator yields the accurate results shown in Table 
7. 

All the above description of preferred embodiments has been given for the purpose of illustration and is 
not intended to constitute a limitation of the invention. Many different reading apparatuses, containing 
55 different optical parts, data processing means and additional devices, may be devised, for different 
purposes and systems, without exceeding the scope of the invention. 



10 



EP 0 569 718 A2 



Table 1 

5 



10 



col 
000 1 



col 

col 

7 8 9 oio 11 12 13 14 15 



75 



20 



25 



30 



rowOO : 
rowOl : 
row02 : 
row03 : 
row04 : 
rowOS : 
row06 : 
row07 : 
rowOS : 
row09 : 
rowlO : 
rowii : 
rowl2 : 
rowl3 : 
rowl4 : 
rowl5 : 
rowl6 : 
rowl7 : 
rowl8 : 
rowl9 : 
row20 : 
row21 : 
row22 : 
row23 : 
row24 : 
row25: 
row26 : 
row27 : 
row28: 
row29: 



255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 



255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

25 5 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 



255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

•255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 



255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 

255 



255 

255 

255 

255 

255 

255 

247 

221 

201 

212 

240 

254 

255 

255 

252 

243 

236 

235 

235 

235 

235 

235 

237 

247 

254 

255 

255 

255 

255 

255 



255 

255 

255 

255 

255 

254 

237 

178 

134 

158 

221 

252 

255 

255 

249 

228 

212 

209 

209 

209 

209 

209 

215 

236 

252 

255 

255 

255 

255 

255 



255 

255 

255 

254 

254 

254 

252 

244 

239 

242 

250 

254 

254 

254 

253 

251 

249 

249 

249 

249 

249 

249 

250 

252 

254 

254 

254 

255 

255 

255 



255 

247 

233 

226 

225 

225 

229 

243 

253 

247 

233 

226 

225 

225 

229 

243 

253 

255 

255 

255 

255 

255 

251 

237 

227 

225 

225 

229 

243 

253 



255 255 
245 255 
226 254 
216 252 
216 252 
216 252 
221 252 
239 250 

252 248 
245 249 
226 251 
216 252 
216 252 
216 252 
221 252 
239 250 

253 248 
255 250 
255 253 
255 255 
255 255 
255 255 
250 254 
232 252 

218 250 
216 250 
216 250 

219 253 
237 255 

254 255 



2S5 

255 

255 

255 

255 

255 

240 

189 

152 

17 2 

226 

253 

255 

255 

240 

189 

152 

17 2 

226 

253 

255 

255 

250 

232 

218 

216 

216 

219 

237 

254 



255 

255 

255 

255 

255 

255 

243 

205 

176 

191 

233 

253 

255 

255 

243 

205 

176 

191 

233 

253 

255 

255 

251 

237 

227 

225 

225 

229 

243 

253 



255 

255 

255 

255 v 

255 

255 

255 

254 

253 

253 

254 

255 

255 

255 

255 

254 

253 

253 

2S4 

255 

255 

255 

255 

255 

254 

254 

254 

255 

255 

255 



255 
255 • 
255 
255' 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
,255 
255 
255 
255 
255 
255 
255 
255 



255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 
255 255 



track 
direction 



35 



40 



45 



50 



55 



11 



3NSDOCID: <EP „ 056971 8A2 I > 



EP 0 569 718 A2 



Table 2 



col 
000 

rowOO : 000 000 000 000 000 
rowOl : 000 000 000 000 000 
TOW02: 000 000 000 000 000 
row03: 000 000 000 000 000 
row04: 000 000 000 000 000 
row05: 000 000 000 000 000 
row06: 000 000 000 000 -08 
row07 : 000 000 000 000 -34 
rowOS: 000 000 000 000 -54 
row09: 000 000 000 000 -43 
rowlO: 000 000 000 000 -15 
rowll: 000 000 000 000 -01 
rowl2: 000 000 000 000 000 
rowl3: 000 000 000 000 000 
rowl4: 000 000 000 000 -03 
rowlSr 000 000 000 000 -12 
rov/16: O0O 000 000 000 -19 
rowl7 : 000 000 000 000 -20 
rowlB: 000 000 000 000 -20 
rowl9: 000 000 000 000 -20 
row20: 000 000 000 000 -20 
row21: 000 000 000 000 -20 
row22 : 000 000 000 000 -18 
rov/23 : 000 000 000 000 -08 
T0W24: 000 000 000 000 -01 
row25: 000 000 000 000 000 
row26: 000 000 000 000 000 
row27 : 000 000 000 000 000 
row28: 000 000 000 000 000 
row29 : 000 000 000 000 000 















000 


000 


000 


000 


uuu 


v u u 


-08 


-02 


010 


uuu 


nnn 

\Jv\J 


-22 


-07 


028 


A A A 
UUU 


-AC 

-uo 


— A J 


-10 


036 


a a a 

UUU 


-A 1 
"VI 


_ ? q 


-09 


036 


-01 


AAA 
UUU 


_ o q 


-09 


03 6 


-10 


015 


-23 


-08 


031 


-43 


066 


-01 


-04 


Oil 


-67 


105 


014 


-01 


-04 


-54 


084 


005 


-02 


004 


-19 


029 


-17 


-07 


025 


-02 


002 


-28 


-10 


036 


000 


-01 


-29 


-09 


036 


000 


-01 


-29 


-09 


036 


-03 


004 


-24 


-08 


031 


-15 


023 


-08 


-04 


011 


-24 


037 


004 


000 


-05 


-26 


040 


006 


000 


-05 


-26 


040 


006 


000 


-02 


-26 


040 


006 


000 


000 


-26 


040 


006 


000 


000 


-26 


040 


006 


000 


000 


-22 


035 


001 


-01 


004 


-11 


016 


-15 


-05 


020 


-02 


002 


-27 


-09 


032 


000 


-01 


-29 


-09 


034 


000 


-01 


-29 


-09 


034 


000 


000 


-26 


-10 


034 


000 


000 


-12 


-06 


018 


000 


000 


-02 


001 


001 



col 
010 

000 000 000 000 000 000 

000 000 000 000 000 000 

001 000 000 000 000 000 
003 000 000 000 000 000 
003 000 000 000 000 000 
003 000 000 000 000 000 
-12 003 012 000 000 000 
-61 016 049 001 000 000 
-96 024 077 002 000 000 
-77 019 062 002 000 000 
-25 007 021 001 000 000 
001 000 002 000 000 000 
003 000 000 000 000 000 
003 000 000 000 000 000 
-12 003 012 000 000 000 
-61 016 049 001 000 000 
-96 024 077 002 000 000 
-78 019 062 002 000 000 
-27 007 021 001 000 000 
-02 000 002 000 000 000 
000 000 000 000 000 000 
000 000 000 000 000 000 
-04 001 004 000 000 000 
-20 005 018 000 000 000 
-32 009 027 001 000 000 
-34 009 029 001 000 000 
-34 009 029 001 000 000 
-34 010 026 000 000 000 
-18 006 012 000 000 000 
-01 -01 002 000 000 000 



EP 0 569 718 A2 



w 



*~4 O 
O «=r 
O O 



75 



CO 
— < o 

O CO 

U o 



20 



25 



30 



35 



CO 



CO 



CM 



rH O 

O CM 
U O 



o ^ 
u o 



40 



45 



r~t O 
O O 

O O 



oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooo«-i.-t 
oooooooo 
oooooooo 
o o o o o o * 

O O O O O O i 

o o o o o o 
o o o o o o • 
o o o o o o 

O t-l f-» fH «-t «H 



o o o o o o 

o o o o o o 

o o o o o o 

o o o o o o 

o o o o o o 

o o o o o o 

o o o o o o 

o o o o o o 

• o o o o o o 

• O O O CD O O 

» o o o o o o 

» o o o o o o 

» o o o cd o o 

► o o o o o o 



o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 



o o 

o o 

o o 

o o 

o o 

o o 

o o 



o o 
o o 
o o 



o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
o o o 

CD O O 



o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 
o o 



O O O CD CD O 



o o o o 

CD CD O O 



O O 

O O 

O O 

O O 

O O 

o o 



o o 

o o 

o o 

o o 

o o 

CD CD 



o o o o o o 

H O O O O O O 



o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o o 

o o 



H —I O O O -H 

o o o o o o 

o o o o o o 

p o o o o o o 

o o o o o o o 

o o o o o o o 

o o o o o o o 

o o o o o o o 



O CD CD 



o o o o o 



o o o o 
o o o o 



o o o 
o o o 



o o o 
o o o 



o o o o o o o 

o o o o o o o 

o o o o o o o 

o o o o o o o 

o o o o o o o 



oooooooooooooo 
oooooooooooooo 
oooooooooooooo 
oooooooooooooo 
oooooooooooooo 
oooooooooooooo 



o o o o 

.-I o o o 

o o o o 

o o o o 

o o o o 

o o o o 

o o o o 

o o o o 



o o o 

o o o 

o o o 

o o o 

o o o 

o o o 



CD CD CD CD CD CD CD 

o o o o o o o 
o o o o o o o 
o o o o o o o 



ooooooooo 
ooooooooo 



oooooooooo 
ooooooooo o. 



o o 

CD O 

o o 

o o 



o o 
o o 



o o o o 



o o o o o o o 

«—* t— t f—4 r-l w-i rH O 

O O O O O O f-l 

o o o o o o o 

o o o o o o o 

o o o o o o o 

o o o o o o o 

o o o o o o o 

*~l rH O O O O O 

o o o o o o o 

CD CD O O CD CD CD 

CD CD CD O O CD CD 

O O O O O o o 

o o o o o o o 



ooooooooo 



o 
o 



oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 
oooooooooooo 



ooooooooooooooo 
ooooooooooooooo 
ooooooooooooooo 
ooooooooooooooo 
ooooooooooooooo 
ooooooooooooooo 
ooooooooooooooo 
ooooooooooooooo 
ooooooooooooooo 
ooooooooooooooo 



50 



OHN^^invor»oo<^OHrjn^'»r>«>r-<D<^OH(Nif < )vtny)r'eoCT> 

OOOOOOOOOOHHHHHHHHHHrJNNNNNMfMNN 

oooooooooooooooooooooooooooooo 



55 



13 



BNSDOCID. <EP . 056971 BA2 . 1 > 



EP 0 569 718 A2 



Table 4 



30 



col 
000 



col 

8 oio 



• illilllliiil 

iHiillllillllSlllil 

mmumu 

E a: -11 3i 31 3 :8 :S S S Sit :S? "3S 35 :Si :SI :Si : 
E i : : : 2Si SS SSI 3 3 !S S» 5! Si :S1 : 3 
E Si : : :S! 31 SSI SSI SSI :SS :li !S HI !S S : 3 3 

rwll- -01 -01 -01 -01 001 001 001 -01 -01 -07 -111 -85 -03 -01 -01 -01 

r^20': -01 -01 -01 -01 003 010 002 -06 -08 -05 -53 -40 -02 -01 -01 -01 

row21 -01 -01 -01 -01 018 040 004 -26 -34 -04 -37 -30 -01 -01 -01 01 

25 r^22 -01 -01 -01 -01 019 040 004 -26 -_3S -04 -JS "26 -02 -01 -01 -01 

SEla- -01 -01 -01 -01 -05 HO -02 007 009 002 009 007 -01 -01 -01 -01 

IV h\ oi ni -01 -22 -46 -05 030 041 005 041 030 001 -01 -01 -01 

TOW24: -01 -01 -01 -01 22 46 Ob OJO u«i ^ ^ _ Q1 

r^t- "-01 -ol -01 -02 -05 001 030 035 006 035 030 001 -01 -01 -01 

:2i . .2, -01 -01 -01 -01 026 042 -01 042 026 -01 -ox -01 -01 



E l! 3! 31 31 31 31 31 31 3 !!f 3j S SIS 3 3 : : 

TOW29: -01 -01 -01 -01 -01 -01 -01 -32 -45 -03 -45 -32 -Ol u± 



35 



40 



45 



50 



55 



14 



EP 0 569 718 A2 

Table 5 



10 



15 



20 



25 



30 



35 



40 





col 










000 








- 


============= 


s as 


rowOO : 


0 


0 


0 


0 


rowOl : 


0 


0 


0 


0 


row02 : 


0 


0 


0 


0 


row03 : 


0 


0 


0 


0 


row04 : 


0 


0 


0 


0 


rowOS : 


0 


0 


0 


0 


row06 : 


0 


0 


0 


0 


row07 : 


0 


0 


0 


0 


rowOS : 


0 


0 


0 


0 


row09 ; 


0 


0 


0 


0 


rowlO : 


0 


0 


0 


0 


rowll : 


0 


0 


0 


0 


rowl2 : 


0 


0 


0 


0 


row!3 : 


0 


0 


0 


0 


TOW14 : 


0 


0 


0 


0 


row 15 : 


0 


0 


0 


0 


rowl 6 : 


0 


0 


0 


0 


rowl7 : 


0 


0 


0 


0 


rowl 8 : 


0 


0 


0 


0 


rowl 9 : 


0 


0 


0 


0 


row20 : 


0 


0 


0 


0 


row21: 


0 


0 


0 


0 


row22 : 


0 


0 


0 


0 


row23 : 


0 


0 


0 


0 


row24 : 


0 


0 


0 


0 


row25 : 


0 


0 


0 


0 


row26 : 


0 


0 


0 


0 


row27: 


0 


0 


0 


0 


row28 : 


0 


0 


0 


0 


row29 : 


0 


0 


0 


0 


row30 : 


0 


0 


0 


0 


row31: 


0 


0 


0 


0 


row32 : 


0 


0 


0 


0 


row33 : 


0 


0 


0 


0 


row34: 


0 


0 


0 


0 


row35 : 


0 


0 


0 


0 


row3 6 : 


0 


0 


0 


0 


row37: 


0 


0 


0 


0 


row38 : 


0 


0 


0 


0 


TOW39: 


0 


0 


0 


0 


row40 : 


0 


0 


0 


0 


row41; 


0 


0 


0 


0 


TOW42: 


0 


0 


0 


0 


TOW43: 


0 


0 


0 


0 


row 4 4 : 


0 


0 


0 


0 


row45 : 


0 


0 


0 


0 


row4 6 : 


0 


0 


0 


0 


TOW47: 


0 


0 


0 


0 


row48 : 


0 


0 


0 


0 


TOW49: 


0 


0 


0 


0 


rowSO : 


0 


0 


0 


0 


rowSl : 


0 


0 


0 


0 


row52 : 


0 


0 


0 


0 


rowS3: 


0 


0 


0 


0 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



= 3 S= S S S 

0 0 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 

0 . 

0 

0 

0 

0 

0 



0 
0 
0 
0 
0 
0 
0 
0 
0 



lit III 

0 
0 
0 
0 
0 
0 
0 



1 
1 
1 
1 
1 
1 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Sl 



0 
0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 



ccl 
010 
fc ft 

c 
c 

0 
0 
0 
0 
0 
0 
0 

c 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



■ x » a 4 * s : irs* = = = = = = = = 



0 
0 
0 
0 
0 
0 
0 

c 

0 
0 

0 

c 

0 
0 
0 
0 
0 
0 
0 





0 






0 


0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 






0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

c 

■J 

0 
0 
0 
0 

c 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 
0 
0 
0 
0 
0 
0 
0 

c 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

0 

o 

0 
0 
0 
0 
0 

o 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

o 

0 
0 
0 
0 
0 
0 
0 
0 
0 

o" 

0 
0 
0 
0 
0 
0 
0 
0 

0_ 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



10 = 1 
(7.95) 



.132 p 
(0.9 ju) 



15 = 1 
(15.88) 
14 = 1 



.697 JJ 
(1.8 p) 
587>J 



0 

0 . 

0 
0 
0 
0 
0 
0 
0 
0 
0 



10 



45 



50 



55 



15 



BNSDOCID: <EP ._0569718A2_L> 



EP 0 569 718 A2 

Table 5 (cont'd) 



10 



15 



20 



25 



30 



row54 : 


0 


0 


/"I 

u 


n 

V 


- 






0 
0 


0 
0 


0 
0 


0 
0 


0 
0 


1 

0 


0 
0 


0 
0 


0 
0 


rowSS: 


0 


0 


0 


u 








0 


0 


0 


0 


0 


0 


0 


0 


0 


row56: 


0 


0 


0 


u 
n 

u 
u 




- 




o 


0 


0 


0 


0 


0 


0 


0 


0 


rowS7: 


0 


0 


0 


r 






o 


0 


0 


0 


0 


0 


0 


0 




rowSfl : 


0 


0 


0 








o 


0 


0 


0 


0 


0 


0 


0 


0 £ 


row59 : 


0 


0 


0 


0 








o 


0 


0 


0 


0 


0 


0 


0 


I /< 

I ' 

0 


row€0 : 


0 


0 


0 


0 




- 




0 


0 


0 


0 


0 


0 


0 


0 


row61 : 


0 


0 


0 


0 








0 


0 


0 


0 


0 


0 


0 


0 


row 6 2 ; 


0 


0 


0 


0 


i 


i 


X 


0 


0 


0 


0 


0 


0 


0 


0 


0 


row63 : 


0 


0 


0 


0 








o 


0 


0 


0 


0 


0 


0 


0 


0 


row64 : 


0 


0 


0 


0 




1 




o 


o 


0 


0 


0 


0 


0 


0 


0 


rov/65 : 


0 


0 


0 


0 








0 


0 


0 


0 


0 


0 


0 


0 


0 


row66 : 


0 


0 


0 


0 

A 


X 


1 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


row67 : 


0 


0 


0 


\t 








0 


_0_ 


0 


,0 


0 


0 


0 


0 


0 


row68 : 


0 


0 


0 


0 
















0 


0 


0 


0 


TOW69: 


0 


0 


0 


0 


0 


F 


0 












0 


0 


0 


0 


row70 : 


0 


0 


0 


0 


0 


0 


0 














0 


0 


0 


row71: 


0 


0 


0 


0 


0 


0 


0 














0 


0 


0 


row72 : 


0 


0 


0 


0 


0 


0 


0 














0 


0 


0 


row73 : 


0 


0 


0 


0 


0 


0 


0 














0 


0 


0 


TOW74: 


0 


0 


0 


0 


0 


0 


0 














0 


0 


0 


row75: 


0 . 


0 


0 


0 


0 


0 


0 














0 


0 


0 


row76 : 


0 


0 


0 


0 


0 


0 


0 














0 


0 


0 


row77: 


0 


0 


0 


0 


0 


0 


0 














0 


0 


0 


row78: 


0 


0 


0 


0 


0 


0 


1 














0 


0 


0 


row79 : 


0 


0 


0 


0 


0 


0 


1 












0 


0 


0 


0 


rowSO : 


0 


0 


0 


0 


0 


0 


0 






0 






0 


0 


0 


0 


row81 : 


0 


0 


0 


0 


0 


0 


0 






0 






. 0 


0 


0 


0 


TOW82 : 


0 


0 


0 


0 


0 


0 


0 






0 






0 


0 


0 


0 


row83 : 


0 


0 


0 


0 


0 


0 


0 
0 


0 


0 


0 


0 


0 


c 


0 


0 


0 


TOW84 : 
row85 : 
row86 : 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


0 
0 
0 


rov#87 : 


0 


0 


0 


0 


0 

.0 
0 




0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


row88 
row89 : 


0 
0 


0 
0 


0 
0 


0 
0 


0 
0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 



35 



40 



45 



50 



55 



16 



EP 0 569 718 A2 

Table 6 



10 



20 



30 



col 

000 5 8 010 



rawoo";™r™-™sr";^ ;° 0 \ :° 0 \ 

«miilfiililiaii 



™w0 -01 lot -01 -01 -13 -28 002 019 024 003 -24 -19 -01 -01 -« - 

illll l ill in 

E : :ll :l\ $ :Si :ll :tl :S !S S! :8 -IS! : :S - - 
E gi : 31 :°oi 3J oo 7 s «« ;8 ^ m ill off 2 : :{ 3 -j 

rlwlei -01 -01 -01 -01 002 005 001 -03 -03 -04 -55 -42 001 -01 -01 -01 

rowll: -01-01 -01 -01 001 001 001 -01 -01 -07 -111 -85 -03 -01 -01 -01 

25 rwo -01 -01 -01 -01 003 010 002 -06 -06 -05 -53 -40 -02 -01 -01 -01 

rw2i : -01 -01 -01 -01 018 040 004 -26 -34 -04 -37 -30 -01 -01 -01 -01 

rw22 -01 -01 -01 -01 019 040 004 -26 OS -04 OS -26 -02 -01 -01 -01 

l°Zii. .at .01 -01 -01 -05 -TO -02 007 009 002 009 007 -01 -01 -01 -01 

VZL\a. c\ 01 -01 -01 -22 -46 -05 030 041 005 041 030 001 -01 -01 -01 

S i i : : : 35 3 ffi SI! S3 SSI 8! SI !S 51 5 - 
S S 5 51 51 51 51 51 51 ?8 :S !S ? 5 3 '- - 

TOW29; -01 -01 -01 -01 -01 -01 -01 -32 -45 -03 -45 -32 -01 -01 -01 -01 



35 



40 



45 



50 



55 



17 



BNSDOCID: <EP. . 056971 8A2 I > 



EP 0 569 718 A2 



Table 7 





COl 










000 


















rowOO : 


0 


0 


fx 


A 

u 


rowOl : 


0 


0 


0 


u 


row02 : 


0 


0 


0 


0 


row03 : 


0 


0 


0 


0 


row04 : 


0 


0 


0 


u 


rowOS : 


0 


0 


0 


0 


row06 : 


0 


0 


0 


0 


row07 : 


0 


0 


0 


0 


rowoe : 


0 


0 


0 


0 


row09 : 


0 


0 


0 


0 


rowlO : 


0 


0 


0 


0 


rowll: 


0 


0 


0 


0 


rOWl2: 


0 


0 


0 


0 


rowl3 : 


0 


0 


0 


0 


rowl4 : 


0 


0 


0 


0 


rowlS : 


0 


0 


0 


0 


rowl6 : 


0 


0 


0 


0 


row!7: 


0 


0 


0 


0 


rowlB: 


0 


0 


0 


0 


rowl9: 


0 


0 


0 


0 


row20 : 


0 


0 


0 


0 


row21 : 


0 


0 


0 


0 


row22: 


0 


0 


0 


0 


row2 3 


0 


0 


0 


0 


row24 : 


0 


0 


0 


0 


row25 : 


0 


0 


0 


0 


rov26« 


0 


0 


0 


0 


row27i 


0 


0 


0 


0 


row28 


0 


0 


0 


0 


row29- 


0 


0 


0 


0 


row30. 


0 


0 


0 


0 


rovr31 


0 


0 


0 


0 


row32 


0 


0 


0 


0 


rov33 


0 


0 


0 


0 


row34 


0 


0 


0 


0 


rov35 


0 


0 


0 


0 


row36 


0 


0 


0 


0 


row37 


0 


0 


0 


0 


row 3 8 


0 


0 


0 


0 


row39 


0 


0 


0 


0 


row40 


0 


0 


0 


0 


ro«41 


0 


0 


0 


0 


row 4 2 


: 0 


0 


0 


0 


row4 3 


: 0 


0 


0 


0 


row44 


: 0 


0 


0 


0 


row4S 


: 0 


0 


0 


0 


row4 6 


: 0 


0 


0 


0 


row47 


: 0 


0 


0 


0 


row48 


0 


0 


0 


0 


row49 


0 


0 


0 


0 


row50 


: 0 


0 


0 


0 


rowSl 


: 0 


0 


0 


0 


row52 : 0 


0 


0 


0 


row53 


: 0 


0 


0 


0 















col 












5 






$ 




010 






















scrmcs«*33SSSS 








o 


o 


o 


o 


o 


• 0 


u 


Q 


0 


0 


0 


0 


0 


0 


0 


Q 


0 


0 


0 


o 


o 


0 


0 


0 


0 


0 


A 


0 


0 


n 

V 


o 


o 


0 


0 


0 


0 


A 

u 


o 
u 


0 


0 


u 


o 


o 


0 


0 


0 


u 


u 


o 


0 


u 


f\ 
\t 


o 


o 


0 


0 


0 


1 




0 


o 


o 


o 


o 


o 


0 


0 


1 


1 


1 


0 


c 


V 


o 


o 


o 


0 


0 


* 








0 


V 


u 


c 


o 


u 


o 


■ 


J 
• 




: 


0 


f> 
\J 


o 

V 


0 


0 


0 


0 


1 




r 




0 


c 




o 


o 


0 


0 






J* 




0 


c 


0 


c 


c 


0 


0 










0 


c 


0 






0 


0 


1 


* 






0 


c 


0 




c 


0 


0 


0 


1 




J 


0 


c 


0 




Q 


0 


0 


0 


1 


1 


0 


0 


c 


0 




o 


0 


0 


0 


1 


1 


0 


0 


c 


0 






0 


0 


0 


1 




0 


0 


0 


0 




o 


0 


0 


0 






0 


0 


0 


0 






0 


0 


0 






c 


0 


0 


0 


r. 
\> 


o 


0 


0 


0 


1 




0 


0 


0 


0 


f. 


0 


0 


12. 




0 


X 


0 


0 


0 


0 


o 


o 








0 


0 




1 


1 


0 


Q 


o 


1 




1 


0 


0 


1 




* 




A 
V 


Q 


1 


1 


1 


0 


0 










A 

u 


A 

u 


1 


1 


1 


0 


0 


1 








0 


0 


1 






0 


0 




1 


1 


1 


A 

u 


0 


1 


1 


1 


0 


0 










A 

u 


A 

u 


1 


1 


1 


0 


0 


1 


1 


1 




u 


A 

w 


1 


X 


1 


0 


0 


1 


X 




• 


o 


0 


0 


0 




0 






0 


0 




n 

V 


0 


0 


0 


0 


1 




0 


o 


o 




n 

V 


0 


0 


0 


0 


* 


J 


0 


0 


0 


0 


Q 


0 


0 


0 


0 






u 


0 


0 


0 


o 


o 


0 


o 


o 


J 




o 


0 


0 


0 


0 


0 


0 


0 


0 






0 


0 


0 


0 


0 


0 


0 


0 


0 






0 


0 


0 


0 


0 


0 


0 


0 


0 






0 


0 


0 


0 


0 


0 


0 


0 


0 






0 


0 


0 


0 


0 


0 


0 


0 


0 






0 


0 


0 


0 


0 


0 


0 


0 


0 






0 


0 


0 


0 


0 


0 


0 


0 


0 






0 


0 


0 


0 


0 


0 


0 


0 


0 






0 


0 


0 


0 


0 


0 


0 


0 


0 






0 


0 


0 


0 


0 


0 


0 


0 


0 






0 


0 


0 


0 


0 


0 


0 


0 


0 








JO 


0 


0 


0 


0 




T 






"6~ 








0 


0 


0 








0 


0 










0 


0 








0 


0 










0 


0 








0 


0 










0 


0 








0 


0 










0 


0 








0 


0 










0 


0 








0 


0 










0 


0 








0 


0 




X 






0 


0 








0 


0 


0 


0 


0 




0 


0 



8 = 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

c 

0 

c 
c 

I (7.95) 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0~ 
0 
0 
0 
0 
0 
0 

0 

0 



0.906 » 
(0.9 p) 



16 = 
(15.88) 



1.811 jj 
(1.8JU) 



8 



18 



Table 



EP 0 569 718 A2- 

7 (cont'd) 



10 



15 



20 



25 



30 



row54 : 
row55 : 
rowS6 : 
row57 : 
rowSS : 
rows 9 : 
row60 : 
row61 : 
row62 : 
row63 : 
row€4 : 
row65 : 
row66 : 
row67 : 
row68 : 
row69 : 
row70 : 
row7l : 
row7 2: 
row7 3 : 
TOV74 : 
TOW7 5: 

row7 6: 
row77 : 
row78: 
row79: 
row80 ; 
row81 : 
row 8 2 : 
row83 : 
row84 : 
rOW85: 
rows 6 : 
row87 : 
row88 : 
row89 : 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 

0 

0 

0 

0 

0 

Q 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

1 

X 
X 
X 

1 

X 
X 
X 
X 
X 
X 
X 
X 
X 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
•0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 
0 
0 
0 
0 
0 



X 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



16 



o 24 = 2.717 
o (23:82) (2.7 JJ) 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



Claims 



35 



40 



45 



A method for reading data from an optical disk, characterized in that it comprises the steps of: 

1) providing means for illuminating light the required part of the disk and acquiring the optical image 
of a plurality of tracks; 

2) providing a detector matrix comprising a plurality of detectors, each of the said detectors being 
capable of producing an output signal which is proportional to the intensity of the light detected by it; 

3) causing an optical image corresponding to an illuminated area to fall on the said detector matrix; 

4) transferring the output signal of the said detector matrix to image processing means; 

5) determining position coordinates of the track centre for each data track, by analyzing the output 
signal of the said detector matrix; 

6) saving in memory means expected track centre data, comprising position coordinates of the track 
centre located by the said analysis of the output signal; and 

7) if an actually detected track center is shifted with respect to the said expected track centre, 
electronically moving the track centre position. 



50 2. A method according to claim 1, characterized in that light detected by the detector matrix is non- 
coherent. 



55 



3. 



4. 



A method according to claim 
accessed via a multiplexer unit. 



1 or 2. characterized in that neighbouring tracks are electronically 



A method according to claim 1, characterized in that it further comprises the steps of carrying out a 
"locking" operation to determine the track centre coordinates, and of using the coordinates of the track 
centre so found as the first reference value for the expected track centre. 
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5. A method according to anyone of claims 1 to 4, characterized in that a number of consecutively 
determined track centre values are memorized, for each track centre. 

6. A method of reading data from an optical disk, characterized in that it comprises the steps of: 

5 1) providing means for illuminating the required part of the disk and acquiring the optical image of a 

plurality of tracks with non-coherent light; 

2) providing a detector matrix comprising a plurality of detectors, each of the said detectors being 
capable of producing an output signal which is proportional to the intensity of the light detected by it; 

3) causing an optical image corresponding to a illuminated area to fall on the said detector matrix ; 
io and 

4) transferring the output signal of the said detector matrix to image processing means. 

7. A method according to claim 6, characterized in that neighbouring tracks are electronically accessed 
via a multiplexer unit. 

75 

8. A reading device for an optical data disk, characterized in that it comprises a detector matrix 
comprising a plurality of detectors arranged in parallel lines, the said detector matrix being coupled to a 
plurality of shift registers whereby electric charge generated by light falling on each detector is 
summed with the charge generated by light falling on previuos detectors and transferred at the disk 

20 rotating speed to the following detector, and in that the shift register receives the charge from the last 

detector in the column. 

9. A reading device according to claim 8. characterized in that it further comprises a multiplexor unit to 
electronically access neighbouring tracks. 

25 

10. A device according to claim 4 or 5, characterized in that it further comprises image processing means 
to receive the data generated by the detector matrix and to translate said data into data contained in 
data spots located on the disk. 

30 11. A method of fast accessing data on an optical disk, characterized in that the data points are read from 
the optical disk by actuating a step and focus unit comprising in combination at least two mirrors which 
are displaceable along a common optical path. 

12. A method according to claim 11, characterized in that each mirror is independently displaceable, 
35 whereby the unit can be used both for scanning data and for focusing purposes. 

13. A method of reading data from optical disks, which comprises providing a multi-disk system for the 
optical disk reader, characterized in that it comprises: 

a) an optical head comprising optical means to receive an image from an optical disk; 
40 b) a relay optics unit comprising a plurality of mirrors; and 

c) a plurality of disks, each of which is coupled to a mirror each being independently removable 
from the optical path; 

and in that the positioned relationship between the said mirrors and the said disk drivers is such that 
the optical path between each of the disks and the optical head is the same for all disks in the system. 

45 

14. A step and focus unit, characterized in that it comprises in combination at least two mirrors which are 
displaceable along a common optical path. 

15. A unit according to claim 14, characterized in that each mirror is independently displaceable, whereby 
so the unit can be used both for scanning data and for focusing purposes. 

16. A multi disk system for an optical disk reader, characterized in that it comprises: 

a) an optical head comprising optical means to receive an image from an optical disk; 

b) a relay optics unit comprising a plurality of mirrors; and 

55 c) a plurality of disks, each of which is coupled to a mirror each being independently removable 

from the optical path; 

the positioned relationship between the said mirrors and the said disk drivers being such that the 
optical path between each of the disks and the optical head is the same for ail disks in the system. 

20 
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17. An optical disk reader, comprising: 

a) a light split head, as defined in the specification; and 

b) means for carrying out electronic track correction. 

5 18. A device for generating non-coherent light to be projected on an optical disk, characterized in that it 
comprises: 

a) one or more laser diodes; 

b) a fibre optics positioned with one end in front of the said laser diodes and at the other end in front 
of optical elements; and 

to c) optical element to project the light received from the said fibre optics onto the optical disk. 

19. A method for acquiring track data from the multi-track image of an optical disk, characterized in that it 
comprises the steps of: . 

1) locating the track position within the said image; and 
75 2) determining the length of data segments within each track. 

20. A method according to claim 19, characterized in that it further comprises the step of subtracting each 
pixel from its cross track neighbour. 

20 21. A method according to claim 19, characterized in that it further comprises the steps of: 

a) subtracting each pixel from its along track neighbour to generate its first difference; and 

b) subtracting the first differences in the cross track direction. 

22. A method according to claim 20 or 21, characterized in that the subtraction operations are carried out 
25 by analog processing means. 

23. A method according to claim 20 or 21, characterized in that the image obtained is processed in sub- 
pixel accuracy by interpolation. 

30 24. A method according to claim 19, characterized in that the detection of the data segments is carried out 
by convolving the image of the data with an edge detection operator. 

25. A method according to claim 24, characterized in that the said edge detection operator is the difference 
of two Gaussians. 

35 

26. A method according to claim 24 t characterized in that the convolution operator is of varying kernel 
length utilizing short kernel at high dense areas and longer kernels at less dense areas. 

27. A method according to claim 24, characterized in that a pre processor (PPD) filter is applied to the 
40 data. 

28. A method according to claim 24, characterized in that the convolved track image is processed in sub- 
pixel accuracy by interpolation. 

45 29. A method according to claim 24, characterized in that the convolutions are carried on by analog 
processing. 
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© A method of reading data from an optical disk 
£J comprises providing means for illuminating the re- 
^ quired part of the disk and acquiring the optical 
CO image of a plurality of tracks, providing a detector 
matrix comprising a plurality of detectors, each of 
the said detectors being capable of producing an 
G> output signal which is proportional to the intensity of 
the light detected by it causing an optical image 
corresponding to an illuminated area to fall on the 
O said detector matrix, transferring the output signal of 
^ the said detector matrix to image processing means, 
LU determining position coordinates of the track center 



for each data track, by analyzing the output signal of 
the said detector matrix, saving in memory means 
expected track center data, comprising position co- 
ordinates of the track center located by the said 
analysis of the output signal, and if an actually 
detected track center is shifted with respect to the 
said expected track center, electronically moving the 
track center position. 

Furthermore, the invention comprises an appara- 
tus for the embodiment of the above mentioned 
method. 
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